The volume of geriatric surgery is expected to increase dramatically by 2020, requiring a more widespread appreciation of the unique risks and challenges of anesthesia in the elderly. Changes in pharmacokinetics along with age-related changes in organ function have important implications for patient monitoring and dosing of anesthetic, analgesic, and sedative medications. Preoperative screening for risk of postoperative morbidity is improved with an assessment of activities of daily living, and regional anesthesia may be considered to reduce the risk of postoperative delirium, although this remains controversial. Specific homeostatic parameters should be closely monitored in the perioperative period. The approach to anesthesia in geriatric patients should not be merely extrapolated from younger patients, and further evidence specific to geriatric anesthesia will improve surgical outcomes.
It is no secret that our population is aging, with an estimated 50% increase in the over-65 population by 2020 from 2001. Older patients also have invasive procedures at nearly quadruple the rate of younger patients, particularly in ophthalmology and cardiology (9-and 2.5-fold, respectively). 1, 2 Across a variety of surgical procedures, a linear increase in the absolute risk of surgical morbidity is observed with age, increasing from 11% in 20-29 year old patients to 49% in octogenarians. Surgical mortality increases exponentially with age, with a dramatic increase from the fifth decade of life, reaching 6% in octogenarians as compared to 0.4% in patients in the 20-29 year old cohort. While the prevalence of risk factors is correlated to age, age remains an independent risk factor for postoperative morbidity and mortality. 3 As human physiology changes with age, it has been widely shown that pharmaceutical drugs have correspondingly modulated pharmacokinetics. The drugs in the anesthesiologist's arsenal are no exception, and this article will review concerns that the anesthesiologist must take into consideration when treating the geriatric patient. More specifically, this article will discuss considerations for planned surgeries, rather than emergent operations, in order to focus on the importance of preoperative screening and proper follow-up.
physiological changes of aging

Pharmacokinetic changes in drugs
There are important age-associated body compositional changes with implications for pharmacokinetics. Reduced relative water content and increased fat percentage result in a higher serum drug concentration after bolus injection and longer half-lives for lipid-soluble drugs. Declining cardiovascular function can slow drug delivery to tissue sites, resulting in a slower onset of action.
Decreased albumin content and protein binding results in a higher volume of distribution of acidic drugs. The opposite is seen for alkaline drugs. 4 As the human body ages, gradual deterioration of all body systems also results in reduced hepatic and renal metabolism and excretion, impaired cardiovascular distribution and disrupted fluid homeostasis. Although the liver and kidneys display minimal structural changes with aging, it has been found that P450-dependent oxidation decreases, meaning that hepatically cleared drugs (eg propofol) have a longer half-life. 4 
Pharmacodynamic changes in drugs
Decline in cardiovascular health, especially through stiffening of the blood vessels and cardiac decline, is a leading risk factor for peri-and postoperative morbidity. Cardiac decline describes diastolic dysfunction and an increasing dependence on sympathetic drive and the Frank-Starling mechanism. Increased central nervous system dependence of cardiac function often manifests as a marked decline in blood pressure with anesthesia induction. 4 Inhaled anesthetic agents such as sevoflurane and desflurane remain agents of choice for North American anesthesiologists, despite the still-unclear mechanism of action. It is therefore important to recognize that inhaled drugs have a decreased minimum alveolar concentration (MAC) in geriatric patients due to a greater sensitivity; whereas the MAC of isoflurane in the pediatric patient is 1%, it is 0.25% in the 95-year-old patient. Geriatric patients also exhibit a higher sensitivity to opioids and benzodiazepines, so it is important for the anesthesiologist to carefully titrate administration of narcotics to minimize toxicity while maintaining effective pain management. 4, 5 practical considerations in the or Since geriatric patients are often receiving polypharmaceutical treatment, it is important to conduct physiologic optimization and to minimize premedications (eg heparin, diuretics). Preoperative risk factors (eg hypertension, dyspnea) have been identified to be more important than intraoperative events (eg transient hypoxemia, apnea) in predicting postoperative morbidity.
While preoperative screening is common practice in most centres, it is important to be more thorough with elderly patients and to complete a comprehensive history and physical exam. Many abnormal lab values, including anemia, creatinine, and hyperglycemia, are less effective than history and physical examination at predicting postoperative morbidity. 6, 7 To that end, a geriatric assessment is recommended for elderly surgical patients; 6 questions regarding activities of daily living and instrumental activities of daily living have been shown to identify 98.5% of elders with postoperative morbidity (Table 1) . 
Perioperative considerations and patient management
Control of body temperature is essential for successful surgery as anesthesia can lead to hypothermia. This effect is further pronounced in the geriatric patient because baseline hypothalamic function often declines, leading to impaired thermoregulation, especially with general anesthesia. Since even mild hypothermia can lead to infection or myocardial infarction, the anesthesiologist must be particularly vigilant with maintenance of body heat in the elderly.
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Because age-related deterioration of renal and cardiac function negatively impacts fluid homeostasis, it is prudent to carefully monitor blood pressure when administrating IV fluids and to be watchful for renal overload. It is particularly important to meticulously pay attention to water balance, drug dosing, and maintenance of normal intravascular volume to keep patients healthy.
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Changes in pulmonary physiology also result in increased physiologic dead space due to compliant airways, so minute ventilation should be increased, and positive end-expiratory pressure can also be considered. Nasal cannulas are also indicated for virtually all elderly patients due to declining respiratory function and reserve. 9 As suggested above, the recommended doses for drugs are nearly globally decreased in the elderly. A more comprehensive table is provided (Table 2) . 5 
Postoperative monitoring
It is important to be aware of postoperative morbidities such as cardiovascular damage and stroke. Intraoperative complications, which happen in 20% of geriatric patients, lead to a 6-fold increase in morbidity. Hospitalization has also been identified as a risk factor for postoperative morbidity, so when possible, outpatient surgeries are especially recommended for geriatric patients as this generally reduces nosocomial risk in all patients. Finally, since delirium and dementia can also occur in the geriatric population after anesthesia, it is important to monitor for changes in mental status during follow-up. 7, 11 conclusion With the geriatric population projected to increase, compounded with an increasing rate of surgery and of morbidity/mortality risk in patients over 65, it is important to understand the concerns about anesthesia in elderly patients and to appreciate where extra vigilance is required. Due to a global decline in physiological function and reserve, drug pharmacokinetics are often severely affected. Declining fluid and temperature homeostasis also imposes more responsibilities on the anesthesiologist. Finally, certain classes of drugs, such as opioids and inhaled anesthetics, demonstrate a markedly increased potency in the elderly patient, necessitating careful titration to avoid toxicity. The field of geriatric anesthesia is increasing in importance because extrapolation of knowledge from younger patients may not accurately apply to elderly patients. Best practice guidelines may need to change as more geriatric-specific evidence emerges in the coming years. clinical procedures 
